Human T-cell leukemia virus type I (HTLV-1), which belongs to the oncoretrovirus family, is the etiologic agent of 2 different diseases: adult T-cell leukemia/lymphoma (ATL) and the neurologic disorder tropical spastic paraparesis/HTLV-1-associated myelopathy. 1-3 The 40 kDa transactivator protein Tax mediates the transition from latency to virus production by interacting with specific host proteins associated with cellular transcriptional pathways, such as nuclear factor-B (NFB), cyclic AMP-response element binding protein (CREB)/activating transcription factor (ATF), serum-response factor (SRF), specificity protein-1 (SP1), and early growth response-1 (EGR-1). Through interaction with cellular transcription factors, Tax potently activates transcription not only from the viral promoter but also from the enhancer elements of many cellular genes involved in host cell proliferation. [4] [5] [6] [7] [8] The oncogenic potential of Tax has been demonstrated in animal models, as well as in vitro transformation assays, and activation of NFB has been implicated as a critical feature. 9 Therefore, Tax may be responsible for many of the required events necessary for HTLV-1-mediated lymphocyte immortalization and malignancy. To understand the mechanisms involved in transformation, we have used transgenic mice expressing Tax from the human granzyme B promoter in lymphoid cells resulting in tumors at peripheral sites of the body at 6 to 9 months of age. 10 These tumors consist primarily of large granular lymphocytes (LGLs), which subsequently infiltrate secondary lymphoid organs and other visceral sites.
Introduction
Human T-cell leukemia virus type I (HTLV-1), which belongs to the oncoretrovirus family, is the etiologic agent of 2 different diseases: adult T-cell leukemia/lymphoma (ATL) and the neurologic disorder tropical spastic paraparesis/HTLV-1-associated myelopathy. [1] [2] [3] The 40 kDa transactivator protein Tax mediates the transition from latency to virus production by interacting with specific host proteins associated with cellular transcriptional pathways, such as nuclear factor-B (NFB), cyclic AMP-response element binding protein (CREB)/activating transcription factor (ATF), serum-response factor (SRF), specificity protein-1 (SP1), and early growth response-1 (EGR-1). Through interaction with cellular transcription factors, Tax potently activates transcription not only from the viral promoter but also from the enhancer elements of many cellular genes involved in host cell proliferation. [4] [5] [6] [7] [8] The oncogenic potential of Tax has been demonstrated in animal models, as well as in vitro transformation assays, and activation of NFB has been implicated as a critical feature. 9 Therefore, Tax may be responsible for many of the required events necessary for HTLV-1-mediated lymphocyte immortalization and malignancy. To understand the mechanisms involved in transformation, we have used transgenic mice expressing Tax from the human granzyme B promoter in lymphoid cells resulting in tumors at peripheral sites of the body at 6 to 9 months of age. 10 These tumors consist primarily of large granular lymphocytes (LGLs), which subsequently infiltrate secondary lymphoid organs and other visceral sites.
The tumors exhibit high levels of interferon-␥ (IFN-␥); interleukin-15 (IL-15); interleukin-1 (IL-1); granulocyte-monocyte colony-stimulating factor (GM-CSF); and several cell adhesion molecules such as intercellular adhesion molecule-1 (ICAM-1), very late antigen-4 (VLA-4), leukocyte function-associated antigen (LFA-1), and vascular cell adhesion molecule-1 (VCAM-1). 11 Modified levels of cytokines and adhesion molecules have been linked to organ infiltration and disease development in HTLV pathogenesis. [12] [13] [14] IFN-␥ is a pleiotropic cytokine secreted by activated T cells and natural killer (NK) cells and plays a central role in innate and adaptive arms of host antiviral and antitumor immune defense. 15, 16 It acts in different ways on host and tumor cells to favor tumor regression by inducing cellular antitumor immunity, inflammation, cell cycle arrest, and apoptosis and by inhibiting angiogenesis. 17 The IFN-␥ signaling pathway leads to apoptosis and to the expression of immunomodulatory proteins that aid cytotoxic T lymphocyte (CTL)-mediated destruction of tumors. Thus, it is interesting to elucidate the role of IFN-␥ in Tax-mediated lymphoproliferation. In this study, we characterized cellular mechanisms that are modulated by Tax to initiate and promote tumorigenesis in the presence or absence of IFN-␥. Although Tax tumors are immunogenic and are commonly infiltrated by both CD4 and CD8 T cells, the tumors are not completely rejected by the host, and progress. There is a growing realization that many responses defined as anti-tumor-effector mechanisms act as double-edged swords and under different conditions become either ineffective or even protumorigenic. Examples are IL-2 (also proapoptotic for activated T cells), IFN-␥ (by induction of ligands for T-and NK-cell-inhibitory receptors), angiogenesis inhibition (by hypoxia-mediated induction of growth factors promoting metastasis), and macrophage free radical-mediated cytotoxicity (by inhibiting T cells). Immune selection pressure resulting in outgrowth of resistant tumor variants could also be viewed in this light. The immense plasticity of the tumor cell and the complex balance between protumor and antitumor activity of the same effector pathways determine the fate of tumor progression. Our results indicate that while IFN-␥ triggers an inhibitory mechanism in early steps of tumor initiation, growth of tumors is not completely obviated, possibly owing to the recruitment of other cellular pathways. This study defines a role played by IFN-␥ in angiogenesis and oncogenesis in Tax-transgenic mice and possibly HTLV-1-associated lymphoproliferative disease.
Materials and methods

Tax-transgenic mice deficient in IFN-␥
Transgenic mice expressing HTLV-1 Tax (C57/Bl6-SJL) 10 and IFN-␥-deficient (C57/Bl6) mice with targeted gene knockout 18 have been described previously. Tax-transgenic mice were mated with IFN-␥ knockout mice to generate Tax-positive, IFN-␥-heterozygous (Tax ϩ IFN-␥ ϩ/Ϫ ) offspring, which were subsequently crossed to generate a colony of Tax ϩ mice with a gene knockout for IFN-␥ (Tax ϩ IFN-␥ Ϫ/Ϫ ). Genotypes were ascertained by means of polymerase chain reaction (PCR) on mouse-tail genomic DNA and Southern blot hybridization. 18 The level of IFN-␥ secreted in each genotype was measured by means of a sandwich enzyme-linked immunosorbent assay (ELISA)-based kit (R&D Systems, Minneapolis, MN). The ELISA was performed on cultured spleen and tumor cells from 5 mice from each genotype. Mice were housed under pathogen-free conditions according to the guidelines of the Division of Comparative Medicine, Washington University School of Medicine (St Louis, MO) throughout the study. Progress of tumor development was monitored every week, and animals were killed at the end of the experiment or if tumors grew to larger than 20 mm in diameter.
Flow cytometry
Fresh tumors were harvested from mice for experiments, and single cell suspensions depleted of erythrocytes were made in RPMI-1640 containing 10% fetal calf serum. Tumor cells were stained with antibodies for fluorescence-activated cell sorter (FACS) as follows. First, 1 ϫ 10 6 cells were washed with phosphate-buffered saline (PBS) and blocked with 5g FcBlock (Becton Dickinson, San Jose, CA) in 0.1% bovine serum albumin (BSA) for 30 minutes to prevent nonspecific antibody or protein binding. Fluorescein isothiocyanate (FITC)-tagged antibodies to CD3, CD4, NK1.1, IL-2 receptor-␤ (IL-2R␤), ICAM-1, major histocompatibility complex-1 (MHC-1) H2 b , MHC-2 I-A/E b , or the isotype control (Pharmingen, San Diego, CA) were added after a wash with flow cytometry (FCM) wash buffer (0.01% BSA in PBS). After incubation at 4°C for an hour, the cells were washed thrice in FCM wash buffer and subjected to FACS analysis on a FACSCAN (Becton Dickinson). Data were analyzed by means of Cell Quest software (Becton Dickinson).
CTL assay
First, 20 ϫ 10 6 splenic lymphocytes from 3 mice of each genotype were harvested and restimulated in vitro with 2 ϫ 10 6 irradiated Tax-transfected dimethylbenzanthracene-induced thymoma T-cell line (EL-4) cells. After 5 days, CTL activity was assessed with the use of the targets Tax ϩ IFN-␥ ϩ/ϩ or Tax ϩ IFN-␥ Ϫ/Ϫ tumors and EL-4 cells transfected with Tax-expressing pcDNA-3.1 plasmid or EL-4 cells transfected with pcDNA-3.1 vector at different effector-target ratios: 1:2.5, 1:5, 1:10, and 1:25. CTL activity was measured with a CTL detection kit (Roche, Mannheim, Germany) according to the manufacturer's instructions. Briefly, the effectors and 2000 target cells were plated in triplicate at different effector-target ratios in 96-well dishes for 10 to 12 hours; 100 L cell-free culture supernatant was collected in 96-well plates and 100 L dye substrate was added to each well. The extent of lysis of the targets was proportional to the lactate dehydrogenase (LDH) released from the cells and was detected in the culture supernatants with the use of a color reaction read at 600 nm. Experiments were performed with tissues from 3 mice with triplicates for all samples. The percentage of specific lysis was calculated by the following formula: % specific lysis ϭ (experimental release Ϫ spontaneous release)/(total release Ϫ spontaneous release) ϫ 100.
Immunohistochemistry
Tumors were excised from mice and fixed in 10% neutral buffered formalin for 24 hours. First, 4 m sections were made from paraffin-embedded tissues and fixed onto glass slides. The tissue sections were deparaffinized by heating at 65°C in citrate buffer (pH, 6.5) for an hour and hydrated and fixed in 2% paraformaldehyde. The slides were then washed, blocked with 1% normal goat serum, and stained with anti-platelet-endothelial CAM-1 (anti-PECAM-1) (CD31) antibody (Santa Cruz Biotechnology, Santa Cruz, CA) for an hour. The tissues were then incubated with anti-rabbit horseradish peroxidase (HRP) antibody for 30 minutes. The secondary antibody treatment was followed by 3 washes in PBS, and finally the stain was developed by means of the ABC staining system (Santa Cruz Biotechnology). Tissues were counterstained with Harris hematoxylin no. 2, fixed, and dehydrated. Slides were visualized on a Nikon Eclipse E400 microscope (Melville, NY) with a ϫ 10 eyepiece, ϫ 40 lens, and a 0.75 PH2 aperture, and photographed with an Optronics MagnaFine camera (Muskogee, OK). Photographs were processed with MagnaFine 2.0 software and Adobe Photoshop 6.0 (San Jose, CA). Random fields were counted to monitor brown stained areas corresponding to angiogenic sites.
SuperArray method
Total cellular RNA was isolated from fresh tumor tissues with the use of Tri-Reagent (Life Technologies, Gaithersburg, MD). The mouse angiogenesis pathway was examined with the GEArray kit (SuperArray, Bethesda, MD; catalog no. MM-009). This kit determines differential expression levels of multiple genes involved in a biologic pathway. Briefly, the total RNA from the respective samples was used as a template to generate 32 P ␥-adenosine triphosphate ( 32 P ␥-ATP) cDNA probes with the use of the GEAprimer mix as a reverse-transcriptase primer. The cDNA probes, which represent the abundance of the mRNA population, were then denatured, and hybridization was conducted in GEHybridization solution to duplicate nylon membranes spotted with gene-specific cDNA fragments. The GEArray Q Series gene array contains 96 cDNA fragments from genes associated with the angiogenesis pathway. These cDNA fragments are printed on a 3.8 ϫ 4.8 cm nylon membrane with an advanced noncontact printing technology. Each cDNA fragment is printed in quadruplicate, to allow multiple, simultaneous, independent measurements of a given mRNA abundance. Membranes were then washed in 2 ϫ saline sodium citrate (SSC) and 1% sodium dodecyl sulfate (SDS) twice for 20 minutes each, followed by 0.1 ϫ SSC and 0.5% SDS twice for 20 minutes each. The membranes were then exposed to Kodak X-Omat film (Eastman Kodak, Rochester, NY) at Ϫ70°C with intensifying screens. Color images were generated by means of UMAX flatbed scanner at a resolution of more than 300 dots per inch and processed by ScanAlyze Software (Michael Eisen, Stanford University, Palo Alto, CA) to extract the data from the scanned figure. Another software, GEArray Analyzer (SuperArray software), was used to determine the relative expression level of each gene and obtain actual tabulated values and plots. Data were corrected for equal RNA loading on the basis of the corresponding ␤-actin mRNA levels.
Reverse transcription-polymerase chain reaction
Total cellular RNA was isolated from Tax ϩ IFN-␥ ϩ/ϩ or Tax ϩ IFN-␥ Ϫ/Ϫ cells with the use of Tri-Reagent (Life Technologies). Contaminating DNA was removed from these RNA aliquots by means of a DNA-free kit (Ambion, Austin, TX). The cDNA was synthesized from 3 or 5 g total RNA by means of Superscript II reverse transcriptase (Invitrogen, Carlsbad, CA). Gene-specific primers were used at 10 pmole per reaction: TNF-AFor, GTCTCAAAGACAACCAACTAGTC; TNF-ARev, CTCCAGCTGGAA-GACTCCTCCCAG; TIMP-1For, GGCATCCTCTTGTTGCTATCACTG; TIMP-1Rev, GTCATCTTGATCTCATAACGCTGG; VEGF-For, GAT-GAAGCCCTGGAGTGC; VEGF-Rev, TCCCAGAAACAACCCTAA; TenC-For, GTTTGGAGACCGCAGAGAAGAA; TenC-Rev, TGTC-CCCATATCTGCCCATCA; S15-For, TTCCGCAAGTTCACCTACC; S15-Rev, CGGGCCGGCCATGCTTTACG. PCR was performed by means of Biomix Red Taq polymerase (Bioline, Randolph, MA). PCR products were resolved on a 1% agarose gel stained with ethidium bromide and analyzed by means of Eagle Eye (Stratagene, La Jolla, CA) and ImageQuant Software (Amersham Biosciences, Piscataway, NJ). Fold changes were calculated relative to S15 rRNA expression levels. Three independent reverse transcription PCR (RT-PCR) assays with 2 tumors from each genotype were performed for each primer set.
Tumor transplants
C57/Bl6.SJL (H-2 b ) mice were purchased from Taconic (Germantown, NY). Before the challenge injection, the major histocompatibility complex (MHC)-matched (H-2 b ) Tax tumor-derived SC cells 11 were harvested at log-phase in tissue culture. Live cells were counted in a hemocytometer by trypan blue exclusion. First, 5 ϫ 10 6 cells were mixed with 250 L ice-cold Matrigel (Becton Dickinson) and injected via a subcutaneous route on the back of the animals. The antibody-treated animals received 100 g either H22 (hamster IFN-␥-neutralizing antibody) 19 or hamster anti-glutathione S-transferase (PIP), an isotype-matched control antibody preparation, on days Ϫ2, 14, and 28. The growth of each tumor, measured by the diameter of the solid tumor, the time of the appearance, and the rate of growth was measured with the use of vernier calipers in each set of animals containing 5 animals each.
Results
Early tumor onset and enhanced tumor progression lead to decreased survival in Tax-transgenic mice deficient in IFN-␥
We have generated Tax-transgenic mice with a gene-specific knockout for IFN-␥ by mating the Tax ϩ mice with IFN-␥ knockout mice. We determined the onset of tumors, rate of dissemination of primary tumors, and finally, survival of mice in Tax
, and Tax Ϫ IFN-␥ Ϫ/Ϫ (n ϭ 20) mice. The Tax Ϫ IFN-␥ Ϫ/Ϫ mice have previously been shown to develop spontaneous adenocarcinomas and sarcomas at 1.5 to 2 years of age. 18 We found that the LGL tumors in Tax ϩ IFN-␥ Ϫ/Ϫ mice develop at an earlier time point (4 months, median) as compared with Tax ϩ IFN-␥ ϩ/ϩ Tax ϩ IFN-␥ ϩ/Ϫ mice (7 months median) ( Figure 1A ). The levels of IFN-␥ were measured in tissues from each group with an IFN-␥ ELISA assay, and Tax ϩ IFN-␥ ϩ/ϩ and Tax ϩ IFN-␥ ϩ/Ϫ mice show equivalent expression of IFN-␥ ("Materials and methods"; data not shown). The knockout mice had no detectable IFN-␥. Tax ϩ IFN-␥ Ϫ/Ϫ mice also develop multiple tumors faster ( Figure 1B ) and succumb more rapidly owing to increased tumor burden than Tax ϩ IFN-␥ ϩ/ϩ and Tax ϩ IFN-␥ ϩ/Ϫ mice ( Figure 1C ). 
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The IFN-␥-deficient Tax tumors show decreased levels of surface MHC I and II ( Figure 2B ) compared with Tax ϩ IFN-␥ ϩ/ϩ and Tax ϩ IFN-␥ ϩ/Ϫ tumors. We expected that this decrease might reflect on the numbers of infiltrating T cells and on the ability of these cytotoxic cells to eliminate Tax-expressing tumors. However, immunostaining for CD4 and CD8 T cells in tumor tissues at early or late stages of tumor development showed no significant differences in levels of tumor-infiltrating lymphocytes (data not shown) or the total numbers of Tax-specific CTLs. The ability of the splenic T-cell population to kill Tax-expressing targets was also not affected in Tax mice deficient in IFN-␥ (Figure 3) . Under normal circumstances IFN-␥ potentiates antitumor immune responses by mobilizing tumor-specific CTLs, NK cells, and proinflammatory cytokines and chemokines. To investigate whether the lack of differences in tumor-infiltrating lymphocytes was a result of resistance to IFN-␥ of Tax-transgenic tumors, signal transducer and activator of transcription-1 (STAT-1) gel shift assays were performed with nuclear extracts from IFN-␥-treated Tax ϩ tumor cells and compared with untreated cells. However, no difference of STAT-1 nuclear localization was seen (data not shown), indicating that the IFN-␥R and downstream signaling was intact. Also there are no discernible differences in the levels of Tax protein in tumors from IFN-␥ ϩ and IFN-␥ knockout mice; thus, early onset and enhanced tumorigenesis are not due to higher expression of Tax in IFN-␥ Ϫ/Ϫ mice.
Effects on angiogenesis and apoptosis of LGL tumors in
Tax ؉ IFN-␥ ؊/؊ mice as compared with Tax ؉ IFN-␥ ؉/؉ mice IFN-␥ has been implicated in the regulation of angiogenesis during tumor development. 17 Therefore, tissue sections of Tax ϩ tumors were analyzed by immunohistochemical staining with a murine CD31 (PECAM-1) antibody to estimate differences in tumor vascularity ( Figure 4A ). Tumors deficient in IFN-␥ displayed 1.6-to 1.9-fold higher rate of angiogenesis, using mean vessel density as a measure of neovascularization ( Figure 4B ). Since IFN-␥ also induces apoptosis in several human tumors, 20,21 the number of apoptotic cells in tumors was determined from similar tissue sections by means of a transferase-mediated deoxyuridine triphosphate nick-end labeling (TUNEL) assay. There were no disernible differences in the numbers of apoptotic cells in tumors from Tax ϩ IFN-␥ Ϫ/Ϫ mice compared with Tax ϩ IFN-␥ ϩ/ϩ mice (data not shown).
Effects of IFN-␥ deficiency on angiogenic gene expression in LGL tax tumors
The transcriptional profiles of Tax ϩ IFN-␥ ϩ/ϩ and Tax ϩ IFN-␥ Ϫ/Ϫ tumors were examined by cDNA microarray hybridization analysis and confirmed by RT-PCR assays ( Figure 5 ). This study examined transcripts induced or repressed at least 2-fold from an array of 96 genes associated with angiogenesis. The GEArray is a commercially available membrane that has 4 closely placed spots for each of the 96 genes on the membrane. The microarray hybridization was performed on 2 tumors each and repeated twice to rule out false positives or negatives. The gene spots were evaluated by means of ScanAlyze software, which provides fold induction or repression in a statistically significant format after comparison of all the 4 spots for each gene analyzed. Tumor necrosis factor-␣ (TNF-␣) and tissue inhibitor of matrix metalloproteinase-1 (TIMP-1), which inhibit the initiation and maturation of neovasculature, were down-regulated 15-and 6-fold, respectively. On the other hand, increased vascular endothelial growth factor (VEGF) (10-fold) and tenascin C (3-fold) may contribute to enhanced angiogenic growth in Tax ϩ IFN-␥ Ϫ/Ϫ tumors compared with Tax ϩ IFN-␥ ϩ/ϩ tumors. 
Discussion
We have demonstrated that IFN-␥ contributes to anti-tumoreffector functions that may control the initiation, growth, or spread of Tax-transgenic tumors in mice. However, since mice deficient in IFN-␥ also develop tumors, it appears that Tax-induced tumor initiation involves other components in cellular transformation pathways and immune responses in addition to IFN-␥. Two earlier studies have elucidated a role for IFN-␥ in tumor immune surveillance. 22, 23 Although originally defined as an agent with direct antiviral activity, IFN-␥ regulates several aspects of the immune response, including antigen presentation by up-regulation of major histocompatability complex class I and II molecules, 24 leukocyte-endothelium interactions, 24, 25 cell proliferation, 26 sensitivity to apoptosis, 27, 28 stimulation of the bactericidal activity of phagocytes, 24 and down-regulation of angiogenesis. 29, 30 The IFN-␥ gene is transcriptionally activated by the Tax protein 31 in HTLVinfected CD4 T cells and in Tax-transgenic tumor cells. 11, 32 Tax-mediated IFN-␥ production results from activation of NFB, and high levels of IFN-␥ in infected cells and transgenic cells lead to a constitutively activated Janus kinase-STAT (JAK-STAT) pathway, and increased levels of ICAM-1 expression. For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From
The observations on the IFN-␥ knockout mice indicate that although the proproliferative and proinflammatory roles of IFN-␥ are not ruled out, IFN-␥ may play an active role in the immune resistance to tumor development in this model system. This might explain why mice lacking IFN-␥ show earlier incidence of tumors. While the tumors developing in the IFN-␥-deficient background are pathologically similar to those in the Tax ϩ IFN-␥ ϩ/ϩ mice, there are differences in the expression of cell surface molecules such as IL-2R␤, which is a receptor subunit, used by both IL-2 and IL-15. Tax tumor cells express high levels of IL-15, but not IL-2. However, there were no significant differences in proliferation rates of these tumors in vitro, but it is conceivable that IL-15 is important during or shortly after tumor initiation. An adhesion molecule affected by IFN-␥ deficiency is ICAM-1, which may be responsible for the migration of tumor cells and host cells necessary for tumor development. 33 There is a decreased expression of cell surface MHC class I and II molecules on Tax ϩ IFN-␥ Ϫ/Ϫ tumors compared with Tax ϩ IFN-␥ ϩ/ϩ tumors, but this alteration does not correlate with the ability of the host to mount an efficient CTL response to these tumors (Figure 3) . We believe that the decreased levels of MHC on the surface of cells is merely a reflection of the lack of IFN-␥, but does not correlate with the ability of the T cells in spleens from either genotype to recognize and kill tumor cells or Tax protein-expressing target cells. The tumors from Tax ϩ IFN-␥ Ϫ/Ϫ treated with IFN-␥ show similar levels of STAT-1 nuclear mobilization as compared with Tax ϩ IFN-␥ ϩ/ϩ tumors, ruling out the lack of responsiveness to IFN-␥. 34 There also does not appear to be any discernible change in the total numbers of tumor-infiltrating CD4 and CD8 lymphocytes. Although no differences were observed in numbers of apoptotic cells within tissues late in tumor development, significant differences might be responsible for the early onset and visceral spread in the absence of IFN-␥. Thus, IFN-␥ is not the only factor that regulates tumor development and growth in our mice.
It is well known that a growing tumor requires new blood vessels. 35, 36 Qin et al 37 showed that inhibition of angiogenesis by CD4 ϩ T-cell-derived IFN-␥ is an effective way to reduce tumor burden, allowing other, direct-killing mechanisms to eliminate residual tumor cells. Inhibition of tumor angiogenesis mediated by infiltrating CD4 T cells is dependent on the responsiveness of the tumor cells to IFN-␥. 34, 38 In other tumor models, adoptively transferred tumor-specific CD8 T-cells from IFN-␥-deficient hosts are unable to mediate angiostasis as compared with those from IFN-␥-competent mice. 37 In addition, Hayakawa et al 39 demonstrated that ␣-galactosyl ceramide, which activates NK and NKT cells, inhibited the early stage of subcutaneous tumor growth and tumor-induced angiogenesis. These inhibitory effects were mediated by IFN-␥ produced by activated NK and NKT cells.
In the current model, tumor rejection by CD8 ϩ T-cell effectors may critically depend on their ability to produce IFN-␥ to inhibit tumor angiogenesis, and further studies will determine the mechanism and cell populations in this transformation event. A significant increase in the number of microvessels was evident in IFN-␥-deficient Tax tumors compared with Tax ϩ IFN-␥ ϩ/ϩ tumors. Gene expression analysis indicates that proangiogenic VEGF and tenascin C are overexpressed in IFN-␥-deficient Tax tumors. There is also a significant repression of 2 angiostatic genes, TNF-␣ and TIMP-1. Angiogenesis is critical for tumor progression, outgrowth, and metastatic spread of tumors. 36, 40 Tumor-induced angiogenesis is up-or down-regulated by proangiogenic and antiangiogenic factors produced by tumor cells and the host microenvironment. 41 IFN-␥ has been implicated in the regulation of angiogenesis during tumor development. 29, 42, 43 We propose that IFN-␥-mediated antiangiogenesis prevents rapid tumor burden, allowing other, perhaps direct, killing mechanisms to eliminate newly developed tumor cells and preventing metastasis. We observed significant numbers of CD4 and CD8 T-cell infiltrates in the tumors growing in both the presence and the absence of IFN-␥. Perhaps, in the IFN-␥-deficient mice, T cells arrive at the tumor site too late and are confronted with a vascularized tumor, and the initial mechanism for tumor rejection is not effective. Our results suggest that the RT-PCR confirmation of differential gene expression. Two tumor samples from each genotype were used to extract total RNA. First, 2 to 5 g total RNA from tumor tissues was reverse transcribed, and one-twentieth of each reaction was subjected to PCR amplification with the use of gene-specific primers as described in "Materials and methods." RT-PCR assays were performed under linear amplification conditions. Then, 20 L each reaction was visualized on a 1% agarose gel. S15 rRNA expression served as a control. Representative results from 1 of 3 independent experiments are shown. Fold difference of RNA expression was calculated by densitometry scanning of the agarose gels, and values from one representative experiment are shown here.
IFN-␥-dependent antiangiogenic effect may be one mechanism for the antitumor defense against HTLV-mediated oncogensesis.
Our results suggest that the IFN-␥-mediated inhibition of tumor angiogenesis is critically involved in the mechanisms of antitumor effects evoked by IFN-␥ on Tax tumors. On the basis of the observations made in the Tax-transgenic mouse model, it will be possible to apply meaningful effort to understanding this slow but effective retrovirus in terms of its pathogenesis and immune evasion in infected hosts. The results described here provide important insights into understanding some of the difficult questions related not only to HTLV-associated leukemia and lymphoma, but also to neoplasias caused by other human pathogens ( 
